T he short-term and long-term benefits of dual-antiplatelet therapy with aspirin and clopidogrel have been established for patients with acute coronary syndromes 1-3 and those undergoing percutaneous coronary intervention (PCI). 4,5 Despite these benefits, many patients continue to have recurrent atherothrombotic events while receiving standard dual antiplatelet therapy. 1 In addition, important limitations of clopidogrel remain, such as only a modest antiplatelet effect, with substantial interpatient variability 6,7 and a delayed onset of action. 5 Small clinical studies have suggested that patients with a reduced pharmacologic response to clopidogrel may be at increased risk for adverse clinical events, including myocardial infarction and coronary-stent thrombosis. [8] [9] [10] [11] Prasugrel -a novel thienopyridine -is a prodrug that, like clopidogrel, requires conversion to an active metabolite before binding to the platelet P2Y 12 receptor to confer antiplatelet activity. 12 At the currently studied doses, prasugrel inhibits adenosine diphosphate-induced platelet aggregation more rapidly, more consistently, and to a greater extent than do standard and higher doses of clopidogrel in healthy volunteers 13 and in patients with coronary artery disease, 14,15 including those undergoing PCI. 16 Phase 2 testing of prasugrel, as compared with clopidogrel, in patients undergoing elective or urgent PCI showed a trend toward fewer ischemic events, with an acceptable safety profile. 17 Thus, we designed the Trial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet Inhibition with PrasugrelThrombolysis in Myocardial Infarction (TRITON-TIMI) 38, a phase 3 trial involving patients with acute coronary syndromes with scheduled PCI, comparing a regimen of prasugrel with the standard-dose regimen of clopidogrel approved by the Food and Drug Administration. 18 Although our trial was designed to compare regimens of prasugrel and clopidogrel, it also tests the hypothesis that the use of an agent producing a higher level of inhibition of adenosine diphosphate-induced platelet aggregation and a less-variable response than standard-dose clopidogrel reduces ischemic events.
Me thods
TRITON-TIMI 38 was designed as a collaboration between the TIMI Study Group, the sponsorsDaiichi Sankyo and Eli Lilly -and a steering committee of investigators (see the Appendix).
Quintiles Corporation provided data-and site-management services. All key prespecified and exploratory analyses were performed by the TIMI Study Group, using an independent copy of the complete database. The academic authors wrote all drafts of the manuscript and vouch for the veracity and completeness of its content. The database was locked on September 22, 2007 ; the analyses reported herein were completed on October 26, 2007.
Study Population
We enrolled 13,608 patients with acute coronary syndromes (representative of the entire spectrum of those syndromes) with scheduled PCI. Patients were randomly assigned to the clopidogrel group or the prasugrel group in two strata: 10,074 patients with moderate-to-high-risk unstable angina or non-ST-elevation myocardial infarction and 3534 patients with ST-elevation myocardial infarction. The inclusion criteria for patients with unstable angina or non-ST-elevation myocardial infarction were ischemic symptoms lasting 10 minutes or more and occurring within 72 hours before randomization, a TIMI risk score 19 of 3 or more, and either ST-segment deviation of 1 mm or more or elevated levels of a cardiac biomarker of necrosis. Patients with ST-elevation myocardial infarction could be enrolled within 12 hours after the onset of symptoms if primary PCI was planned or within 14 days after receiving medical treatment for ST-elevation myocardial infarction. 18 Full exclusion criteria have been published previously. 18 Key exclusion criteria included an increased risk of bleeding, anemia, thrombocytopenia, a history of pathologic intracranial findings, or the use of any thienopyridine within 5 days before enrollment. 18 The protocol was approved by the institutional review boards associated with all participating centers, and written informed consent was provided by all patients.
Study Protocol
A loading dose of study medication (60 mg of prasugrel or 300 mg of clopidogrel) was administered, in a double-blind manner, anytime between randomization and 1 hour after leaving the cardiac catheterization laboratory. Since the protocol was designed as a trial of patients with acute coronary syndromes who were undergoing PCI, the coronary anatomy had to be known to be suitable for PCI before randomization in all patients with unstable angina or non-ST-elevation myocardial infarction, or in those enrolled after medical treat-ment for ST-elevation myocardial infarction. If the coronary anatomy was previously known or primary PCI for ST-elevation myocardial infarction was planned, pretreatment with the study drug was permitted for up to 24 hours before PCI. Randomization was to occur before PCI was performed, and the study drug was to be administered as soon as possible after randomization.
The choice of vessels treated, devices used, and adjunctive medication administered to support PCI was left to the discretion of the treating physician. After PCI, patients received maintenance doses of either prasugrel (10 mg) or clopidogrel (75 mg) daily. Use of aspirin was required, and a daily dose of 75 to 162 mg was recommended. Study visits were conducted at hospital discharge, at 30 days, at 90 days, and at 3-month intervals thereafter, for a total of 6 to 15 months. 18
End Points
The primary efficacy end point was a composite of the rate of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke during the follow-up period. Key secondary end points at 30 and 90 days were the primary composite end point and a composite of death from cardiovascular causes, nonfatal myocardial infarction, or urgent target-vessel revascularization. Key secondary end points for the entire follow-up period were stent thrombosis and a composite of death from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or rehospitalization due to a cardiac ischemic event. Additional prespecified analyses included an analysis of the rates of the primary end point from randomization to day 3 and a landmark analysis of those data from day 3 to the end of the study. Key safety end points were TIMI major bleeding not related to coronary-artery bypass grafting (CABG), non-CABG-related TIMI life-threatening bleeding, and TIMI major or minor bleeding, as previously defined. 18 Stent thrombosis was defined as definite or probable stent thrombosis according to the Academic Research Consortium. 20 All components of the primary, secondary, and key safety end points were adjudicated by members of an independent clinical events committee that was unaware of the group assignments.
Statistical Analysis
Efficacy comparisons were performed on the basis of the time to the first event, according to the intention-to-treat principle. Safety analyses were carried out on data from patients who received at least one dose of the study drug. The Gehan-Wilcoxon test was used to compare the treatment groups with regard to the primary efficacy end point 18 ; the log-rank test was used in a prespecified sensitivity analysis for the primary end point and in all analyses of key secondary and safety end points. Because of the substantial overlap between the cohort of patients with unstable angina or non-ST-elevation myocardial infarction and the overall population of patients with acute coronary syndromes, and to preserve the statistical power to detect a difference between the two treatment groups, we used a closed testing procedure. The primary efficacy end point was analyzed in the cohort with unstable angina or non-ST-elevation myocardial infarction first, and only if there was a statistically significant difference between the treatment groups was this end point analyzed in the overall cohort. 18 Rates of the end points are expressed as Kaplan-Meier estimates at 15 months and were compared with the use of hazard ratios and two-sided 95% confidence intervals. An independent data monitoring committee monitored the safety and efficacy of the study drugs. P values of less than 0.05 were considered to indicate statistical significance.
We calculated that a total of 875 primary end points would be required for the study to have a 90% power to detect a 20% reduction in the relative risk of the primary end point among patients with unstable angina or non-ST-elevation myocardial infarction receiving prasugrel, as compared with clopidogrel. It was estimated that 9500 patients with unstable angina or non-ST-elevation myocardial infarction would need to be enrolled to achieve this number of end points. 18 A prespecified assessment conducted when 650 patients had had a primary end point found a slightly lower-than-expected aggregate rate of the end point, which led us to increase the number of patients in the cohort with unstable angina or non-ST-elevation myocardial infarction to approximately 10,100. 18 R e sult s
We randomly assigned 13,608 patients (10,074 with unstable angina or non-ST-elevation myocardial infarction and 3534 with ST-elevation myocardial infarction), from 707 sites in 30 countries, to a treatment group between November 2004 and January 2007. The baseline characteristics were sim-ilar to those in contemporary studies of patients with acute coronary syndromes who were undergoing PCI and were well matched between the treatment groups ( Table 1 ). The median duration of therapy was 14.5 months. A total of 14 patients (0.1%) were lost to follow-up.
Nearly all patients (99%) had PCI at the time of randomization, 94% received at least one intracoronary stent, and 47% received at least one drug-eluting stent. The study drug was administered before the first coronary guidewire was placed in 25% of patients, after the first coronary guidewire was placed and during the PCI or within 1 hour after PCI in 74%, and more than 1 hour after PCI in 1%.
Efficacy End Points
The rate of the primary efficacy end point was significantly reduced in favor of prasugrel among the patients with unstable angina or non-ST-elevation myocardial infarction (hazard ratio, 0.82; 95% confidence interval [CI] , 0.73 to 0.93; P = 0.002); therefore, as prespecified, the analysis was also performed in the overall cohort of patients with acute coronary syndromes. A significant benefit of prasugrel was also observed in the ST-elevation myocardial infarction cohort alone (hazard ratio, 0.79; 95% CI, 0.65 to 0.97; P = 0.02), and there was no significant interaction between treatment group and enrollment stratum (unstable angina or non-ST-elevation myocardial infarction vs. STelevation myocardial infarction).
In the overall cohort, a total of 781 patients (12.1%) in the clopidogrel group had the primary end point, as compared with 643 patients (9.9%) in the prasugrel group (hazard ratio, 0.81; 95% CI, 0.73 to 0.90; P<0.001) ( Table 2 and Fig. 1A ), supporting the primary hypothesis of superior efficacy. A significant reduction in the primary end point was seen in the prasugrel group by the first prespecified time point, 3 days (5.6% in the clopidogrel group vs. 4.7% in the prasugrel group; hazard ratio, 0.82; 95% CI, 0.71 to 0.96; P = 0.01) (Fig. 1B) , and persisted throughout the follow-up period. From 3 days to the end of the study, the primary end point had occurred in 6.9% of patients receiving clopidogrel and in 5.6% of patients receiving prasugrel (hazard ratio, 0.80; 95% CI, 0.70 to 0.93; P = 0.003) (Fig. 1C) . The difference between the treatment groups with regard to the rate of the primary end point was largely related to a significant reduction in myocardial infarction in the prasugrel group (9.7% in the clopidogrel group vs. 7.4% in the prasugrel group; hazard ratio, 0.76; 95% CI, 0.67 to 0.85; P<0.001). The rate of myocardial infarction with subsequent death from cardiovascular causes (including arrhythmia, congestive heart failure, shock, and sudden or unwitnessed death) was also reduced in the prasugrel group (0.7% in the clopidogrel group vs. 0.4% in the prasugrel group; hazard ratio, 0.58; 95% CI, 0.36 to 0.93; P = 0.02). There was no significant difference between the two treatment groups in the rate of stroke or of death from cardiovascular causes not preceded by recurrent myocardial infarction.
Prasugrel showed superior efficacy in major prespecified subgroups (Fig. 2) , without significant interactions between the characteristics of the patients and the treatment group. A benefit with prasugrel with regard to the primary end point was found both with the use of glycoprotein IIb/IIIa-receptor antagonists during the index hospitalization (hazard ratio for prasugrel vs. clopidogrel, 0.79; 95% CI, 0.69 to 0.91; P<0.001) or without such use (hazard ratio, 0.84; 95% CI, 0.72 to 0.99; P = 0.03). The benefit tended to be greater among the 3146 patients with diabetes (17.0% of whom had the primary end point in the clopidogrel group, vs. 12.2% in the prasugrel group; hazard ratio, 0.70; 95% CI, 0.58 to 0.85; P<0.001) than among the 10,462 patients without diabetes (10.6% of whom had the primary end point in the clopidogrel group, vs. 9.2% in the prasugrel group; hazard ratio, 0.86; 95% CI, 0.76 to 0.98; P = 0.02). There was no significant interaction between treatment effect and diabetes status (P = 0.09) or the timing of the study-drug administration (P = 0.40). Similar significant reductions were seen for prasugrel in the overall cohort with regard to the prespecified secondary end point of death from cardiovascular causes, nonfatal myocardial infarction, or urgent target-vessel revascularization at 30 days (hazard ratio, 0.78; 95% CI, 0.69 to 0.89; P<0.001) and at 90 days (hazard ratio, 0.79; 95% CI, 0.70 to 0.90; P<0.001). A significant reduction in the rate of urgent target-vessel revascularization alone was also found in the prasugrel group by the end of the follow-up period (hazard ratio, 0.66; 95% CI, 0.54 to 0.81; P<0.001) ( Table 2) . A reduction in favor of prasugrel was also seen by the end of the follow-up period for the end point of death from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or rehos-pitalization for ischemia (hazard ratio, 0.84; 95% CI, 0.76 to 0.92; P<0.001) ( Table 2 ). The rate of definite or probable stent thrombosis, as defined by the Academic Research Consortium, was significantly reduced in the prasugrel group as compared with the clopidogrel group, with 68 patients (1.1%) and 142 patients (2.4%), respectively, having at least one occurrence (hazard ratio, 0.48; 95% CI, 0.36 to 0.64; P<0.001). The significant reduction in the rate of stent thrombosis was also found among patients receiving prasugrel in combination with bare-metal stents alone (hazard ratio, 0.52; 95% CI, 0.35 to 0.77; P<0.001) and among those receiving prasugrel in combination with at least one drug-eluting stent (hazard ratio, 0.43; 95% CI, 0.28 to 0.66; P<0.001).
Safety End Points
Among patients treated with prasugrel, 146 (2.4%) had at least one TIMI major hemorrhage that was not related to CABG, as compared with 111 patients (1.8%) treated with clopidogrel (hazard ratio, 1.32; 95% CI, 1.03 to 1.68; P = 0.03) ( Table 3 ). This excess of TIMI major bleeding included a higher rate of life-threatening bleeding in the prasugrel group (1.4%, vs. 0.9% in the clopidogrel group; hazard ratio, 1.52; 95% CI, 1.08 to 2.13; P = 0.01) at the end of the study, as well as from the time of randomization to day 3 (0.4% vs. 0.3%; hazard ratio, 1.38; 95% CI, 0.79 to 2.41; P = 0.26) and from day 3 to the end of the study (1.0% vs. 0.6%; hazard ratio, 1.60; 95% CI, 1.05 to 2.44; P = 0.03). Fatal TIMI major bleeding occurred in significantly more patients treated with prasugrel (0.4%) than those treated with clopidogrel (0.1%) (P = 0.002) (Table 3) , and more patients in the prasugrel group had nonfatal life-threatening bleeding (1.1%, vs. 0.9% in the clopidogrel group; hazard ratio, 1.25; 95% CI, 0.87 to 1.81; P = 0.23). A higher rate of TIMI major bleeding related to instrumentation and a significantly higher rate of spontaneous TIMI major bleeding were seen in the prasugrel group than in the clopidogrel group (Table 3) . Intracranial hemorrhage was reported in 19 patients (0.3%) receiving prasugrel and 17 patients (0.3%) receiving clopidogrel (P = 0.74). The combination of non-CABG-related TIMI major or minor hemorrhage was more frequent among patients receiving prasugrel than among those receiving clopidogrel (hazard ratio, 1.31; 95% CI, 1.11 to 1.56; P = 0.002) ( Table 3) .
Few patients underwent CABG; among them, the rate of TIMI major bleeding was also greater with prasugrel than with clopidogrel (Table 3) . More patients treated with prasugrel (2.5%, vs. 1.4% of patients treated with clopidogrel; P<0.001) discontinued the study drug owing to adverse events related to hemorrhage. When the rates of certain efficacy and bleeding end points -death from any cause, nonfatal myocardial infarction, nonfatal stroke, and TIMI major hemorrhage -were included in a prespecified analysis of net clinical benefit, the findings favored prasugrel (13.9% of patients in the clopidogrel group vs. 12.2% in the prasugrel group; hazard ratio, 0.87; 95% CI, 0.79 to 0.95; P = 0.004). Death from cardiovascular causes (including death related to intracranial hemorrhage or to bleeding related to a cardiovascular procedure) or fatal hemorrhage occurred in 151 patients (2.4%) receiving clopidogrel and in 142 patients (2.2%) receiving prasugrel (hazard ratio, 0.94; 95% CI, 0.75 to 1.18; P = 0.59).
As a result of the discordance between the efficacy results (lower rates of ischemic end points in the prasugrel group than in the clopidogrel group) and the safety results (higher rates of bleeding end points with prasugrel than with clopidogrel) during the entire follow-up period, we performed a series of post hoc exploratory analyses to identify the subgroups of patients who did not have a favorable net clinical benefit (defined as the rate of death from any cause, nonfatal myocardial infarction, nonfatal stroke, or non-CABG-related nonfatal TIMI major bleeding) from the use of prasugrel or who had net harm. There were three specific groups of interest; patients who had a previous stroke or transient ischemic attack had net harm from prasugrel (hazard ratio, 1.54; 95% CI, 1.02 to 2.32; P = 0.04), patients 75 years of age or older had no net benefit from prasugrel (hazard ratio, 0.99; 95% CI, 0.81 to 1.21; P = 0.92), and patients weighing less than 60 kg had no net benefit from prasugrel (hazard ratio, 1.03; 95% CI, 0.69 to 1.53; P = 0.89). In both treatment groups, patients with at least one of these three risk factors had higher rates of bleeding than those without them (Table 4) . Patients with a history of cerebrovascular events had no evidence of a clinical benefit from prasugrel (as compared with clopidogrel), as evaluated by the primary efficacy end point, and had a strong trend toward a greater rate of TIMI major bleeding (P = 0.06), including intracranial hemor- After PCI 1 1 rhage in six patients (2.3%) in the prasugrel group, as compared with none in the clopidogrel group (P = 0.02). As a result, there was a significant interaction between a history of cerebrovascular events and the degree of net clinical benefit of prasugrel as compared with clopidogrel (Table 4) , indicating a significant harm from prasugrel among patients with a history of cerebrovascular events (518 patients), as compared with a significant benefit from prasugrel among patients without such a history (13,090 patients). There was also a significant interaction between the presence or absence of any of these three risk factors and the degree of net clinical benefit for prasugrel as compared with clopidogrel (P = 0.006), though no significant harm was evident. Among patients without any of these three risk factors, there was greater efficacy with prasugrel (hazard ratio, 0.74; 95% CI, 0.66 to 0.84; P<0.001), no significant difference in the rate of major bleeding in the prasugrel group and the clopidogrel group (hazard ratio, 1.24; 95% CI, 0.91 to 1.69; P = 0.17), and a substantially favorable net clinical benefit for the use of prasugrel (Table 4) . The rate of serious adverse events not related to hemorrhage was similar in the prasugrel group and the clopidogrel group (occurring in 22.5% and 22.8% of patients, respectively; P = 0.52). The study drug was discontinued owing to adverse events not related to hemorrhage in 4.7% of patients treated with prasugrel and in 5.0% of patients treated with clopidogrel (P = 0.37). The adverse events reported included severe thrombocytopenia in 17 patients in the prasugrel group (0.3%) and 18 patients in the clopidogrel group (0.3%) (P = 0.86); neutropenia in 2 patients (<0.1%) and 10 patients (0.2%) (P = 0.02), respectively; and colonic neoplasms in 13 patients (0.2%) and 4 patients (0.1%) (P = 0.03). Known gastrointestinal bleeding preceded the diagnosis of colonic neoplasms in nine patients (seven in the prasugrel group and two in the clopidogrel group).
Dis cus sion
The risk of myocardial ischemic events in patients with acute coronary syndromes has been shown to be reduced by means of platelet inhibition with the use of aspirin 21 and, even more effectively as compared with the use of aspirin alone, dual-antiplatelet therapy with aspirin and ticlopidine or clopidogrel, two inhibitors of the P2Y 12 adenosinediphosphate receptor. [1] [2] [3] 5 Our results show that the treatment of patients with acute coronary syndromes, across the full spectrum of such syndromes, with prasugrel (a 60-mg loading dose, * Patients could have had more than one type of medical history, undergone more than one type of index procedure, or received more than one type of pharmacotherapy during index hospitalization. The percentage of female patients and the percentage of patients who received an angiotensin-converting-enzyme (ACE) inhibitor or angiotensin-receptor blocker (ARB) differed significantly between the prasugrel group and the clopidogrel group (P = 0.02 and P = 0.03, respectively). NSTEMI denotes non-ST-elevation myocardial infarction (MI), STEMI ST-elevation MI, CABG coronaryartery bypass grafting, PCI percutaneous coronary intervention, and LMWH low-molecular-weight heparin. Beta-blocker is defined as β-adrenergic-receptor antagonist, and statin is defined as hydroxymethylglutaryl-coenzyme A reductase inhibitor. † The body-mass index (BMI) is the weight in kilograms divided by the square of the height in meters. ‡ Race was self-reported. § Creatinine clearance was estimated with the use of the Cockcroft-Gault formula. ¶ Administration of the study drug before PCI occurred before the first coronary guidewire was placed during the index PCI; administration during PCI occurred after the first coronary guidewire was placed or within 1 hour after the patient was taken from the cardiac catheterization laboratory; and administration after PCI occurred more than 1 hour after the patient was taken from the cardiac catheterization laboratory. followed by a 10-mg maintenance dose), as compared with clopidogrel at the standard, approved dose, resulted in a significant 2.2% absolute reduction and a 19% relative reduction in the rate of the primary efficacy end point (death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke). The rates of ischemic events were also reduced in the prasugrel group, with a 2.3% absolute reduction and a 24% relative reduction for myocardial infarction, a 1.2% absolute reduction and a 34% relative reduction for urgent target-vessel revascularization, and a 1.3% absolute reduction and a 52% relative reduction for stent thrombosis, a rare but potentially devastating clinical event. Our study was not powered to detect a reduction in the rate of death from cardiovascular causes, and no significant benefit was seen for prasugrel over clopidogrel. However, a 0.3% absolute reduction and a 42% relative reduction were found for recurrent myocardial infarction followed by death from cardiovascular causes.
The reduction in the rate of ischemic events by means of antiplatelet agents, including both oral agents (aspirin and clopidogrel) 1,21 and intravenous agents (glycoprotein IIb/IIIa-receptor antagonists), 22-24 has uniformly been accompanied by an increase in bleeding. The Antithrombotic Trialists' Collaboration reported a proportional increase in the odds of major bleeding of 60% with the use of antiplatelet agents (largely aspirin), as compared with placebo. 21 In the Clopidogrel in Unstable Angina to Prevent Recurrent Events (CURE) trial, therapy with clopidogrel plus aspirin, as compared with aspirin alone, was associated with a 38% increase in the odds of major bleeding. 1 The reduction in ischemic events we observed with prasugrel as compared with standard-dose clopidogrel was, as expected, associated with a significant increase in the rate of bleeding. The relative rate of TIMI major hemorrhage was increased by 32% with prasugrel (Table 3) . There was an increase in the rate of life-threatening bleeding with prasugrel, including a significant increase in fatal (Table 3) are not mutually exclusive, since intracranial hemorrhage and death after cardiovascular procedures that were complicated by fatal bleeding were included in both end points. MI denotes myocardial infarction.
major hemorrhage. Bleeding episodes, including major or life-threatening hemorrhage, were more frequent in the prasugrel group than in the clopidogrel group, both near the time of PCI and after PCI. Though few patients underwent CABG, major bleeding occurred at a higher rate among those receiving prasugrel than among those receiving clopidogrel. This finding suggests that, with a strategy of more potent platelet inhibition, greater attention to the discontinuation of therapy before surgery may be needed. 25 Although the results of post hoc subgroup analyses should be considered exploratory, we identified three subgroups of interest that had less clinical efficacy and greater absolute levels of bleeding than the overall cohort, resulting in less net clinical benefit or in clinical harm. These included patients with a history of stroke or transient ischemic attack before enrollment, the elderly (age ≥75 years), and those with a body weight of less than 60 kg, risk factors that have been previously identified as being associated with an increased risk of adverse outcomes from the use of antiplatelet or antithrombotic agents. 26, 27 Patients who had had a cerebrovascular event before enrollment in our trial had numerically worse clinical outcomes, as measured in terms of the primary end point, and more frequent bleeding (including intracranial bleeding) than did those without such a history. In previous studies of patients with stroke, 28 dual-antiplatelet therapy has been associated with an increased risk of adverse outcomes, particularly intracranial bleeding, as compared with single-antiplatelet therapy. We therefore believe that our findings regarding prasugrel among patients with a history of cerebrovascular events add to the concerns about the risk of intensive inhibition of platelet aggregation in this population. Among the elderly and among patients with a body weight of less than 60 kg in whom neither net benefit nor net harm was observed, it would be expected that increased levels The primary end point was defined as death from cardiovascular causes, nonfatal myocardial infarction (MI), or nonfatal stroke. The percentages are Kaplan-Meier estimates of the rate of the end point at 15 months. For each subgroup, the size of the square is proportional to the number of patients in the subgroups and represents the point estimate of the treatment effect. The overall treatment effect of prasugrel as compared with clopidogrel is represented by the diamond, and the dashed vertical line represents the corresponding overall point estimate. None of the P values for interactions were significant. Glycoprotein IIb/IIIa-receptor antagonist use was that during the index hospitalization.
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of the active metabolite of prasugrel may have led to an increased risk of bleeding, owing to altered disposition of the drug or smaller body size. In contrast, a large majority of patients without any of these risk factors had a significant net clinical benefit with the prasugrel regimen studied, as compared with the clopidogrel regimen (hazard ratio, 0.80; 95% CI, 0.71 to 0.89; P<0.001). Additional work to define populations with an increased risk of bleeding, in association with oral regimens yielding high degrees of inhibition of platelet aggregation, is likely to be helpful in guiding therapy. In addition to the results of our key prespecified safety analyses, we noted a higher rate of adverse events related to colonic cancer in the prasugrel group than in the clopidogrel group. Though we cannot fully rule out either a possible causative effect or the play of chance, this imbalance may have resulted from the more potent antiplatelet effect of prasugrel bringing more events to medical attention, a phenomenon seen with other anticoagulant agents, including warfarin. 29, 30 Treatment with prasugrel at the dosage used in our trial has been shown to generate higher and more consistent levels of active metabolite than treatment with approved doses of clopidogrel. 13 This results in higher levels of mean inhibition of platelet aggregation, lower interpatient variability in such inhibition, and fewer patients considered to have poor responsiveness or hyporesponsiveness when platelet function is assessed in the laboratory. 13 Considerable research has focused on the presence and clinical meaning of hyporesponsive- * The data shown are for patients who received at least one dose of the study drug and for end points occurring within 7 days after the study drug was discontinued or occurring within a longer period if the end point was believed by the local investigator to be related to the use of the study drug. Percentages are Kaplan-Meier estimates of the rate of the end point at 15 months. Patients could have had more than one type of end point. CABG denotes coronary-artery bypass grafting. † The most frequent sites of life-threatening bleeding were gastrointestinal sites, intracranial sites, the puncture site, and retroperitoneal sites. ‡ One patient in the clopidogrel group had a fatal gastrointestinal hemorrhage while receiving the study medication, but hemoglobin testing was not performed and, therefore, the criteria for TIMI major bleeding (including life-threatening and fatal bleeding) could not be applied and the data do not appear in this table. § Transfusion was defined as any transfusion of whole blood or packed red cells. ¶ For major bleeding related to CABG, the total number of patients were all patients who had received at least one dose of prasugrel or clopidogrel before undergoing CABG: 179 and 189, respectively. The ratio is the odds ratio, rather than the hazard ratio, and was evaluated with the use of the Cochran-Mantel-Haenszel test.
ness to clopidogrel in patients with coronary artery disease who have undergone PCI. 6-11 The data from our trial, which was adequately powered to evaluate clinical events, show that, as compared with standard-dose clopidogrel therapy, a regimen that improves the inhibition of platelet aggregation is associated with fewer ischemic events. This improvement in the rate of ischemic events as a result of greater platelet inhibition was not assured, given the absence of increased efficacy with higher doses of aspirin 31 and the higher rates of ischemic events seen with the addition of oral glycoprotein IIb/IIIa-receptor antagonists (potent inhibitors of platelet aggregation) to aspirin. 32 As a result of the intention to have all patients undergo PCI, our trial was largely a comparison of * The rates of Thrombolysis in Myocardial Infarction (TIMI) major bleeding not related to coronary-artery bypass grafting (CABG) were calculated as Kaplan-Meier estimates for patients who received at least one dose of the study drug and for end points occurring within 7 days after the study drug was discontinued or occurring within a longer period if the end point was believed by the local investigator to be related to the use of the study drug. The rates of the other end points were calculated as Kaplan-Meier estimates in the intention-to-treat cohort. TIA denotes transient ischemic attack, and MI myocardial infarction. † P values for interaction were those for the interaction between the status of the risk factor and the hazard ratio for the end point. prasugrel therapy and clopidogrel therapy among patients treated with a thienopyridine at the time of the identification of coronary anatomy appropriate for PCI, rather than a comparison of routine pretreatment with either agent before diagnostic cardiac catheterization. A strategy of clopidogrel loading when coronary anatomy is known is now used by many cardiologists because of concern about surgical bleeding if a patient receives clopidogrel and then (because of a finding on coronary angiography) goes on to undergo CABG. 25 Pharmacodynamic data have shown that the degree of inhibition of platelet aggregation achieved with prasugrel within 30 minutes after treatment is similar to the peak effect of clopidogrel 6 hours after administration, suggesting that prolonged pretreatment may not be necessary for prasugrel to achieve its therapeutic effect. 13 The more rapid onset of an antiplatelet effect with prasugrel than with clopidogrel may have played an important role in the efficacy benefit, an assertion supported by the reduction in the rate of early myocardial infarction (before day 3) (Fig. 1B) , despite the lack of pretreatment. However, when considering only end points occurring after day 3 (Fig. 1C) , the time at which the use of each drug should have resulted in the steady-state inhibition of platelet aggregation, the significant reduction in the rate of ischemic end points persisted, suggesting a continued benefit of greater inhibition of platelet aggregation during maintenance therapy.
Partly because of data reporting an improved inhibition of platelet aggregation, 33,34 many clinicians have adopted the use of a higher-thanstandard loading dose of clopidogrel in patients with PCI, a practice endorsed by guideline committees. 35, 36 The clinical-efficacy data supporting the use of such higher-dose clopidogrel have been from small studies and have been inconsistent. 37, 38 The use of prasugrel (60 mg) has been shown to result in a greater inhibition of platelet aggregation than the use of clopidogrel (600 mg) in patients with chronic coronary artery disease. 15 The Prasugrel in Comparison to Clopidogrel for Inhibition of Platelet Activation and Aggregation (PRINCIPLE)-TIMI 44 trial 16 showed a markedly superior inhibition of platelet aggregation, with regard to multiple measures of platelet function, in patients who had undergone elective PCI and who had received the regimen of prasugrel used in our study as compared with a higher-than-standard dose regimen of clopidogrel (a 600-mg loading dose and a 150-mg maintenance dose) -though the PRINCIPLE-TIMI 44 trial was not powered to study clinical end points.
In our study of a selected population with moderate-to-high-risk acute coronary syndromes, on average, for every 1000 patients treated with prasugrel as compared with clopidogrel at the doses studied, 23 myocardial infarctions were prevented, with an excess of six non-CABG-related TIMI major hemorrhages. The estimated number of patients needed to be treated with prasugrel at the dosage studied, as compared with standard-dose clopidogrel, to prevent one primary efficacy end point during a 15-month period was 46. The number of patients who would have to be treated to result in an excess non-CABG-related TIMI major hemorrhage was 167.
Our data support the hypothesis that the greater inhibition of adenosine diphosphate-induced platelet aggregation by means of the tested regimen of prasugrel, a potent oral P2Y 12 inhibitor, is more effective at preventing ischemic events than is the inhibition conferred by a standard regimen of clopidogrel. However, this beneficial effect is accompanied by an increase in the rate of major bleeding. When considering the choice of antiplatelet regimens for the treatment of patients with acute coronary syndromes who are undergoing PCI, clinicians need to weigh the benefits and risks of intensive inhibition of platelet aggregation.
